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(54) WRITE-ONCE TYPE THIN-FILM MEMORY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a data memory 
which can perform write-once operations by applying a 
write-in potential. 

SOLUTION: A data memory device is provided with a 
group of thin-film memory cells. Write-once operation 
can be performed by damaging the thin-film barriers of 
at least some of the memory cells. The data memory 
device can be a magnetic random access 
memory(MRAM). 
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V. L. 



( 2 ) 

1 

s. 

s c i: s^est -r sai^ja i la^cD^a. 

43 i 2 (om^ih^i^iSL^m^/^ ^ y -b;Ko^ i (oir 

^ 4 on t a,3!^«{Ji ife ;>< ^ u -fe 2 CD ^;!/- yx- ^ 

vm4<Dm^j2s^m&.iit. HufB«2«o^;i/-r©s^$ 

1 (ommmi^Mmt- z&^wMiim 2 cDiisffl[{cm«-r 

S^2©JgJ)t«<Si:ora-^«It)#^SCifc#-et, b5I3 
^ 2 ® p{ * U -fe ;Hi. miiH^ 1 oUStt 

2 :fe J; VSg 3 Ojglfttt^&S C t-SW*® 3 
IBttO^go 

i:©3£iSC*?)x HufBEISttx 30 

^tifet:-;/ hi^*BuiB-fe>:5^Ji*iSK:g§^U ^*!*^tbb 

f^i:, &«i^Sc:i:&!^i:1-Sij}««2iB«©^g. 
[W^JSe] H5IB-lr>;^ti*iigH:, Sl5»Hlbl&f^tf 

iDb. jilBil;#*t:H:> jlE*«{aS^JPb-CS^$nfc 
^^';-fe;u{c»a roj sn^jitrfcftc:, 2|gf®i{£ia> 
31IRm£E&311R$nfc^^ u-b;i/{c5iirabTi&a rij 
4SSjitrc::i:S?^i:-r5a!«JS5IBe®SB. 50 



mW^2 0Q 2- 1 1 7 68 4 
2 

tit«a7] miiBa^lix SJ^^nfc;^^ U-fe;u®S 
7 TiiligSSlii S t ?£iHrai:-r Sifj^JS 2 fB«® 

mm.. 

[»««8] B«IBi^;i/-7'{±. iiiBM^^U-tr;!/®!^ 
S^;^i'<£fiSi5Cfc§1^h-r-5 1 IB® ®^g. 

HufBMl&litiStt^ a^$tLfc^^ U-b^l/lc^ 
1-SSg*tBblM^(ft^ KSJ?$fife^*'J-b;i/&SSn 
%-)r>:^S8Sj:. fiugBS¥Sg?'£tiKn%S¥SM®n® 
M*5^U SIU±HuiBSJR*nfcp{*U-fe;i/oaja«JS 

*^«ffi4^b. BdiBHHSttx A;<3j6a®t^^tiSbT> 

s^t^ i: -r s 8 H3®®^M. 

[aS^JSlO] #^^';-b;K±, y^U^^^i:. 
^';^?ffl®7'i'-fe:^ h^^i^J^^^S'i:. &(»^, HulB^ 

i:r^»5li^lH3«®^Sc 
CO 0 0 1] 

[0 002] 

v^cD^mi iirbv>^'rr®Tj¥%t4^M^^';(c 

{i, ^t>«c#Mh>^;i/ (SDT: spin dependant t 
unneling) m-^^^—7.t.i-?>MflL'^>i''J^yi'-t7,/- 
*U (MRAM) ifi^^tlZo ASetJ'&SDTjg^tt. 
\^>^lsb (pinned) 5^i^'f4iix -fe>:3^ (sense) 
m. 43 i V±iB^JKttJS{cS)l*nfcSIM*Sii: b >4^;wn- 

immm roj ) sttts^fr (mmm. rij ) ic-fe>v 

iiA^T-^S. ^a<£«®^l^><lfil®*B?*;?ipl43J:Uf;*: 
S D Tg!-&®«J*feK® (R*fc{±R + AR) S 
SDTit^{c8B1E^n5i&Sfi{±^ SDTg! 

[ 0 0 0 3 ] su® -f zr(D^m^iimm:>t ^ u a, ©ft 

3*«f4l«^^^*j3l4&'<-:^t-|-5*'Jv-^^ U (poly 
mer memory) ffeSo 5=— iS:J5-?-K:43lt 5 r^^C 
tl.Xtm^ti?> (T^-^J'^fe r^^^j^a^-^> 
hj i:bTlB1t1-5SDTg!^i:tt?tMa«Jt?fe5) » JJi 

R) tt, iS^?®^®;5|qI(C«c#^5. /t^U^-pC^U 

So 

[0 0 0 4] citi^aimmA'EOfk^tt. «§«i^nit6 



( 3 

3 

[0 0 0 5] ^tittiiMmm^. jtI3M->«^UT*tt, 9= 

JKfi?JCfflv^e)i^T^^S. 
[0 0 0 6] 

vv:7';i/^*i|!l5irfflp{^U (EPROM) T^M^";^*- 

1^^5J:V^S«E^SJt^rS^$^v^« EPROM 
43<tvtJ.— xrDy5-x'7';i/7^-'Wx{±v mram*' 

[0 0 0 7] 

[PM&«??*1--5&»ffl^©] **H^®-^«|{cj;n 20 

[0 0 0 8] y^^mcoi&omuisxvmf^ii. ^ft©Ei 

® i:ttlc*SI^©ilSS:t?'JC.i: oT g^f felT©i$iffl*:ia 

5) K e> t S T- 5 3 . 
[0 0 0 91 30 
[%B^©^©J&®] 0ij'^Nia<)T-S®C^1-J:aiCs * 

ib«t< <-:>*»©;.< ^'J-tr;i'©»M-'"?';T 

[0 0 10] mit:0mt^ii. HlJctt. ^mpt^U 
-b;H 2<Dl&tK^j^T]y^ 1 0 &^7*-i5'83liS^B8 

-f X© 7 1/ U 3 5 . 
[0 0 1 1] y-K^l 4i:b-CMtg-rs hv-xfi. 

y bi^l 6fcl,T«IE1-S M'-Xtt, Tl/'f 10©S 
*r<B!lT— ^art^y^lRltMyfTV^S. T'U'f 1 0©& 

riit: l>|s:©tr^y M^l 6^S»tSC4:*s-e5-5o S-^ 
^ ';-b;H 2tt, ?*JlSt-5!7-mi 4i:bry hiSl 6 
t©3SjiSJCfeBbTV^S. 50 
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[0012] ^ t U -fe;H 2 (±v # < ©M^J-*^;^ ^m. b 

43J:Uf?iJ{c*;ltS;<^'J-b;H 2 ©ffiln;4:M?!J-r5^ ^ 
©2£j*l©p(^U-fe;H 2©J£trGt:«?bVv. 
[0 0 1 3] ^g8{i$f>t. 

;tS (^l*5iOf^2®fTlilKl 843J:IF2 0 4:, mi 
*J;lf^2©?!JI5IIS2 2:feJ:tf2 4i;7:-^$*tS) . S£ 

^2©ffllS&l 8:}3J:tf 2 0*s®t05&m(45:'7-b'!^l 
4{CB]iDf Sa^ttC, »143<fci;f^2©5lJ|5ISS2 2*JJ; 

[0 0 1 4] S2©5>jias&2 4a:. a^snfepf^ y-fe 

[0 0 15] TV-f rt©->t^:U-b;Hi#<©Mf!J/^X^ 

X^sSEttx XD ';'^$^^>&:V^«-&t:^«lS::=F^S^Eg(c1-S 
jiaifilASfeS. 

[0 0 16] Sce^tHbi&f^cf'lcis x=— i'>'i;^MsP,5X 

tf^$nfc-fe;L'$::fl-{ai-r5X'f 'i/^^-^fctty-f 3»— K^fiS 
X.S -^nfcioTX::::— i'>'^XSJSE*XD«;;i^-rSCi: 

[00 17] feSV^{i. #SB1-SCli:T-*H^Jffl»fcgffl 
t-S 2000^3^3 B{xf ttT*tBiiil$tLfc«®A©*a 
l^fFtBiS^O 9/5 6 4. 3 0 8^f fc:iB^^fix-rv>S 

riimtaj S^II5S-r2)-i:T% X-— ^^^::^ggt^X 

o^/^'-rsca*T-§5. ^55*ittib«ffitt3iiR$nfe^ 

{::-fe>X«M*^M*i-5. X-— i'/'^X«^fc:j;t)-fe>p^ 
SSK*«^?8BfCJ6::5©*{»±^S&«>. m^^tiX\^^l^ 

[0 0 18] m^iL^mw^. m^^\^/mnTh^m^ 
hi^i 6{c:giia-r^, ^(o^m. m^-^tifcu-Ymi 

4*5^1^^'^ hMl 6©/^H{rmj^*fclii^#A^^^1- 

Bf«n?.o mn-^titzu-YUi 4Cr&ofc^®flfai-'^ 

TO^t ';-lr;H 2t:{±, 2o©ig^©-5*.©-;?AsifJ 
©^ t -fe^H 2 f a: 2 o©M#© -5 ©ffe:)?tf JgfiK* 



( 4 

5 

[0 0 19] «tJ^^M«if^tt. ^li5J:yf^2CDSg 

sscsEM^ns. Wt^an^mma. *«es»js>''?ut* 

[0 0 2 1] lo*fcH:jtjgc®^*U-fe;H 2®^^;^- 
rS:iiI3»f^ffl{c^i^b. 'j-b;n 2^«s 

[0 0 2 2] -fe;i/|±. j«J{c J; t)SfiJ{cy;i/-7*fb 
•ri.ci:*ST?^S, f«et)-^> ^ty-fe;H 2© rjiia 

?iJ^iii3I&#ffitJi^U ^^'J-fe;H 2© r^g 

m^mmmizmmx-^^o iii3s?uffl©«^iii^[5igs 
tt, ^3*}iyf^4©»§ii^!^iiffi^3iiR^tifc^^y 

J: 2 o«ta«5>mia*SI»^$tifc^ ^ ■fe;i/{c:Bi 
feSV>tt^ ^143<t?J'm2©li;{'^«{a$:3lS;$ 

©ii>#«(4^a^R$nfc;< * y -b;i/H^ia-r s <fc^ ic. 

1 o©S§a*|lSS*IS;t|-^S^ i:* pItg-C-feS. 

[0 0 2 3] Tl^-f 1 0OS{ji:7'D-b;:^$:^Ht- 
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6 

[0024] JfcK, «l!!CttS§®M«:5iil3S»i!g^^ U 
-lr;H 2^g^t-E2a*5ilF02bi£#BS-r5o 

^^UJS^a 0^®*©H:. Sl©«<4i3 2. ^2©^St 
<*:3 4, 43J:V-e®raJc:Sffiifi;»IS/ti;7'3 6*«i^ 

-^lKttJl-efe»). ^2©lli*3 4H:hr>g«)^M14Jl 
■efe 5 X T' 3 6 iii^ h >*;Wt 1; TXth^Z. 

fci^t-gS. ^yv-^^'J^^fli, ^1©»«:3 2 
tt^llT-*»)x ^2©S|<$3 4*,^T-fe?). »1K-'^U 

[0 0 2 5] T3 6 ©JP^tt. ^ 3 43 J;tF^ 4 

^ 1 *5<tr;f^ 2 ®«§a^^*«{4*5fflAD$nfe i: t fctt® 

SEE J: t) %)trb?,eg#S^tl*3V^T^it-So 

[0 0 2 6] 02 a{3g^1-;>( ^ U -fe;!/ 1 2 ©S|i]K/'^•'; T 
'&v>o bfc*s^-Cx ;^^:'J-fe;H 2tt. ^l©i&SfiiC 

[0 0 2 7] 0 2b(c:^1-;<^ ';-b;n 2®»K/n-';t 

■r■r-{c^^g^$^^■cv^s. bfct^-oT. 02b{c^-t 

^ ^ U -b;n 2 tt. iSliiJStfT; J: t) t)i£^^ISta**t-S. 
^©{Sffimii^ 2 ©f&Stttc^jBf So 

[0 0 2 8] 0 2 aCStl-ffilit^^ U|g^3 0®i£in; 

(«StiBbTV%)&lv^U7') 1 .»<^3f-— A©2r— iJ^-f 
l2l2bt5^-r«ln;^^USR?3 0©ffiJft (fifefflb 
fc-*^ U T) ti 1 0 0 :t— Aip P, 1 0 0 0 0 A©;*-— 

•fe;i'©ffiSii;^^U|g?tt, -;&©ffitn?Kfiif{il^^:t 
-A. ^ bTflb:^©ffilrrtRI®-C(i 1 . Ipt^'^-A©* 
-^-©ffilrC^WbdSo 

[0 0 2 9] ';S^3 0AS0icfit^ffitft&;&-r5« 
»«^<^mb:}3J:lFS§a5!*^iM^ffit:*;t-f ^SS!5*!(iai 
b*3<tl5«§3i5^;^SSSA5^bi.i®^*s$.So ciCid'S: 
'J*^ 3 0AS::*;^«:SSK^?|g-jitf©5l55it-rsfe 
ii). 3 8<&J£m^^ U«?3 OtCig^iJgEflt-S 

m)-^ bi&f^(c-^;t S]»§©«/J^■^b{c:+^)5^(iifig < , 
iPO»giii»*«;f^(C^x.5^^©g'Nb{C+^'&{5ifia 

9 3 8 ©^f^®iSI!tttx ^a»(iaibSK^tf®-b>;^S«E® 
®«lS:S&{b$-B-SCi:*i:<> *fe«§ji««^l!;f^'f®«t 
ji3!>.«^Sm$-^i>cii:'&<. ;<^';^^^3 OS:^® 
f'^^T-fe-S. ia?'JgEi^^*xfeyi^;^^'3 8©ffi$Til5H 
\t.mm<DQ. l%i:5 0%orig-C-ife5wfcAST-t 
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7 

«U•^:v^5S^^ U-ti;H 2<Dffi!n;J±'i>'5:<i:*)ia 

i:t:J:>)*W«lSJ;:S«-rs^ 2 000^9^1 5 Bf* 
ttT-tHEB^nfe rSHORT-TOLEEANT RESISTIVE CROSS POI 
NT ABEAYj (f^AfiS#-^ 10001383-1) il 
V>^«#©ffiSA®^H1^^ailIimO 9/663752 

[0 0 3 0] JJrtC. ^ €r U -^jvcom^m bSE43<tWf» 
gaa!(^SE«:g"N-r0 3S:#fiS1^5, 10 

(V,...) tt. g/hiif3SfiE (V,.,.) J:?)t)<SVA. ii 
l3»#©S£Ett> S'>ji!3mjE (V,,,.) J:»)feJS<. 

10 0 3 1] itieiuf^csffa^ jg^F^TOD^ns, «s 

laajf^tt. #-O^P5/^iS«fl (10~3 0:^-y#) 

CO 0 3 2] Sttfeii&f^if tepiD^FtlSmEttv S:^ 

^^^('HiLaBE (V.,..) T-a&-5> ^ ^ U •fe;i'©iiai»BSS 

mttx s:fc:^55i^tti bS£E (V...,) j:t)t.fiv>. m^m 
umw^<Dmn(Dmmt±. mmmitL (gnd) ts^t^i 

[0 0 3 3] ^ICffHKl 8:jDJ:0f^2O3?lJlilSS2 4 
^J;?)paBtg^-ri24a*iJ;tf04b^#!S1-S. ^1 

©^fHll^l 8{i. #"7— Ki^l 4cri:t:*l®;^'r '^/^^ 30 
5 2^m^Zo mi<D7.-( >y5=-5 2«i3-OCD^tg*ff 

■ett, aiR$itfe'7-KiSl 4«gfJftK:g<^-rscii:, 
§S»^»aibaft4'T-(i> Mif^$ti-cv>'5;v^v-b-mi 4<£ 
Tl"r«E (Vs) (#mt£ig55(^m b© 

t:v^«:V^^7-Fiigl 4<&i|£^JR«gii5«»'SjE (Vw) 

4i:&atR«ff (Vw) tt. 

[0 0 3 4] ^2©ff|51g&2 OJi. m^\!A\^mwiii.u 
iii3i&#cfT-tt, -r'^T©y-KiS*iS^ >K-^J^>;^ 

(fci:^L«s tgfi^-r*. SttSi^Shf^'f' 

-t-{±. ^2©ffiiiK2 oji^ ^f«§a«^SffS:t-'^-<:© 
y-mi 4^csI^D-r-5*^^ ^-sv-'ttfT^tii^^^^ff^ 

S«?$tlfe'7-h-!^l 4{C©i«(i«|&b. SlR^n-rv^JEc 
5^) (CSM^S. 

[0 03 5] ^1 ©^JUISS 2 2 tt. b»f^43ilf 50 
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{cgEig-rs. m^^Timvf^xii. «i©?ij(i]gs2 2 

tix S»5^Fnfebr«y MSI eSllfSl 8~2 4fcg«| 

b, a^R$^^TV^)5;V^t^>y h^l eSr-T'^T^'f 

[0 0 3 6] ^2©?IJ[5]K2 4tt. •fe>;^Ji«S5 4 

k.. aa©^2©;^'f «y5^5 6i:*i)iAS. ^2o;:^'f 
1 6*-fe>;^ti*iS5 4fcSi^-r?,c:i:, ^if^asbl&f^ 

s) tcsM-rsci:. 43J;tf^if3l^;^'^(^'^c^^R$^^Tv^ 

«:V^t^>;; Mgl Q^^^^^mS. (Vw) IC^MI-^C 
fc. T-feS. •fe>:^ti»ili5 4H:. SiRSflfct';/ US 
{cgEi^^tiSi:. Ktf^^^mbl&^t^t-ttiltR^nfepf^'; 

-t;i'®ffitn;tt^^^5cab. m^^x.mw^x\tm^^^ 
S{4^5iint-5. i&i3i6f^*-t-tt, ■fe>xti*iS5 4 
tt, gs«i«{i^g]*DbTiia roj 2fg© 
(2vw) ^mnx^xmm. rij 

[0 0 3 7] E4aM:, Sfei»»ai bttf^*©^ 1 ©frSSS 

1 8*jJ;jF^2®?ij[iii^2 4?&s^^1-, gga«*^Uj bi&ftcf. 
mi CJ^-f 5;f=-5 2 a:. SS^$nfcy-KiSl 4SgEflfe 
f::g!i^U 311R$nTV>«:V>«7-KiSl 4SrTl"f SfiE 
(Vs) trjgi^b. ^2©;^'f v^5 6li. miR^fitz 

^^«:v^t:•y MSI 6&ru"f«E (Vs) \zmm-r^o 
■fe>;^*t*iS5 4tt. i^35*UibSti^a»^SfnfeK>y K 

[0 0 3 8] E|4b(i. »tji««^^«;f'^(t'©^ 1 ©frOSS 
1 8*5J:Kf^2©?iJilSS2 4^g^-ro iifBiS^^^-C-tt. 
^2©;^^" >y^5 6*s»ga*iS(Si (GNDfeSV^H:2 

vw©v^■r^^ip) ^MiR^nfct:-y hj^i 6©-^{c. 

■ebT*:0-aiR»#ji^«{4 (Vw) ^®S^^tiTV>^i: 

l^tf'y hsi sjcBijn-rso ^i©;<'r -y^^s 2{i, m 

^Th^mtiiL (GND) ^S^^^ixfcr^-KjSl 4{;:, 
\.X^^iR^^Th^m.lSL (Vw) S:31^(?^^^TV^5&;V^ 
y-FiSl 44cffl)[jD-r2,. m^^ixtz\f:v hSSl 6:teJ; 

FSl 4©3£^t:fe5p{^'J-fe;H 2 
{cj±, ttS rij S:#tiitf{c(±5S««ffiJ;t)t.;avAm 
(2Vw) As^b. ttS roj §«§jitf{c{±-fe*D© 
^jEds^bS— Si»^^nT^^^5:V^•r'^T©^^ U-fe 

[0 0 3 9] bfeA^o-C. EPROM^SiZffcji-XT' 

ISS^^tlS. itia^^Mp<^UttSfe, EPR0M:}3J; 

•rS. V,,:^«ff$:ffiV->T, U T{CiiAA?^^<t 
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[0 0 4 0] iiies»iK^ ^ u tt^ m^Wk^Lmmm:^ * 

[004 1] jt33S5l«Sp<^ ttx (robust) 

H\i!,hmV^^mir^. US rij 43J:t;f roj t^®p^© 

^:t-A®ffiJjti-C-«b, rij 1 0 0 0;t 

-A®flSffiJSiT-«-t-cfctfT-tS. CI® ±3 5&M 

[0 0 4 2] ^g8tt, ffijgc1#^^J"f r®#Mp<*Ut:: 
SB^^n'&V''. MRAM*SJ:yf:i?y7— 'JttBo® 

*J;ZFg;*;fia^ffiSt (GMR) T^^WX&^trdfciST- 

[0 0 4 3] m^iiii^n'f¥fpK:^-—^^^:^mm(Dyo 

[0044] jIIBS^Mp* ^ U ■fe;i/{iv TU-f 1 0 rt® 
;H±. ± 5 jS3a«:-b >XJi*iiSSrii83M^ ^ 'J IcMfflT- 
bTfe iii3S^ u -b;i'®S!Hl®i^;i'-7'B:«® 

So 

[0 0 4 5] ESttv ft#®p«* U-b;H 1 OS^UT 50 
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i3?3. ^tiit. jit3S»Kffitn;^*';«^l 1 2t. ± 

iBffita^^ru^^^i 1 2{zm.nmm^titiTi^-k>(v=^ 
>v7.if 1 1 4<&«s^s. lastt. sii»mbiM^*5<kiF 

Jit31&•f'^t^'{c:gIi^$^^5«E^^bTV^2.o fii#®^^^ 

';-fe;n 1 oK:?^■rs^^!^^mul^)'f^t^', r^'-fexb^v 

14H:v-'X7*07'i:UTl&f^1-5c:i:*sT- 
tS. )i§3Mj<^^USS? 1 1 2{^fcfco-CWiD^ns« 
£E (V.) tt. r^^-fex h7>i'X^'y-b>N®Sff 

(V....) 3!)»e)Ti'-feX h^>i'X^ 1 1 4®A«:S&* 
HffiS£E*llb§|V^fct,®{C^UV^, -T-hfllEE (V 
..,.) tt. jif3M^t';^? 1 1 2{cfcfcotiS«E 

(V.) 3&s«feixS iS<ffifen5o T-^-bxb 
^>i?Xi5'l 1 4H:SiStilSfcbT^tlb, 5'i^-feX>7 
y*J7.^ 1 1 4®v-x{::*}{tS;>«^ USR^^l 1 2^t 
^J'-feX h^Vi^X^S' 1 1 4® Kl/^f >lcS^$tLfe-tr> 
XJiliSl 1 6*^e,:0-g|-r5o T^-bX h^^-i'X^ 1 

1 4®h-V'W>®-b>xmff (V,/,) tt. m^\h\^m 
f^tfjc. ^t^ugi^^i 1 2©i5)g>»<!«j7^«iEa-&-ric. 

«M (i./,) *Bafiii:Jt«{b-c, iia3Sp«^u*?i 
1 2 oaiii*tai?£«^^-r a ci tft* g s . 

[0 0 4 6] V,,±SiE*7'i^-bX b^^J^XtJ'.l 1 4 

^•;-fe;n 1 0{::«&jitf:ii:Ast-t-S. bfeA^o-c^ 
V..,, =V,.*»oV./,=V,,T-*S, -eoie«^^U 
^^1 1 2{c9]iD^ttsmJE (V.) As^MnUTtrii 

-vmm (V,.,,) -y— 
( V, . , , ) B:. vi^mm^mcDnmmy^^im-f 

10 0 4 7] T^-feX h^Vi'X^J' 1 1 4{i. 3tl3»'f^ 

ffl{^Ji:^$ti&p<^:';-fe;n i otr*5v^T®a^('M^b-r 

4>s t^X<D:>i'eV-tJVl 1 0{c:i}V%TffifflbTt><t 

i^o •t^x<73;f.'ei)±)ii 1 0T-ffiffl^ns«-&> ^a^d 
tti bl&f^4'(c, x::^-ii'y^x«ii£t:J;??-fe>x«JStf^ 
l3ltftK:3&S®?&E&Jh-rSiailC. Ti^HrX h^>$;x^ 

1 1 4 4$iJp-t-S C i:*sqrtgT-$) S. 

[0 0 4 8] mm. ft#Oii83S^^';-lr;H 1 0® 
TU-f 2 1 2S^tr7=-^'i3««B2 1 0^r^■r. 
■bxh^>j?x^l 1 4®y— htty— Ki^2 I4t:g§ 
T^^-fex h^vi^x^ 1 1 40h-L/'r>{±if>;' 
hi^2 1 6{cgig|$tt2,. ^S2 1 0li> 
>Xiitil§2 1 8i:. b<;/ hi^T'i'-bX h^>i^X^'2 

2 0tt:^f,izm3L?>o mmm^2 2 2it. -b>X«iS 
(i.) i:®lt«{{ca6ipSg£ (i.) **ifit-rsfe«>{cffl 

[0 0 4 9] ^as^^mbtOf^lJ, ^^'j-fe;n 10*5, ^ 
cn?3£ii-rs "7-^1^2 1 4*5J:vtfy hi»2 1 esa 

IRfSCIfct-SIR^tlS. -tr>X««t (i.) ifimn^ 
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2 2 4*srau?>fi> ^(Dtzsbxmmm (i.) n^^mf^ 

^2 2 2S:SSns. (i.) iix *Jft 

a-'^'jT'iia roj i:iMi&ti-^'>:^mmtmm rij 

[0 0 5 0] S8S^-K-fe>;^ti*Sil2 1 8{±x >'^^y7 
rti*il§ 2 2 6 itmW. (ratioed) * 1/ > h ^ 7- 

2 2 8 t^m^. ■b>7.^m. (i.) ?£ifc*S*l/> h 

ajR^nfcpt^ y-fe;n i o®«iit lo 

v>s^;^^§#tro ioop^-<'>^;i'h^>i?::^^' 2 

3 0tt, f?5g!-rSp^-V>*;l/b7>5^>C^J'2 3 2 J:?) 

2 3 0*spigf Sp5^-\'>^;Wh 2 3 2®4 

^;*ctv>«^. ■byT.mm. (i.) (i.) © 

3fefT?fes. mmmm a.) atR^nfe^^u-fe 

tt. -IrV;^^-^ (xs) ?&7';i/7^v7"b> aS^^nfc 20 

'j-fe;n 1 Offln>Jr.*s^gli$^^•r^^s (ffiiStn;) 

(xs) tr7*;u^>j7>-f S. 

[ 0 0 5 1 1 /-cy 7 Tii^iii 2 2 4 {i. -b >:^mmm^ 

A»?>©^5'r >t^— ^5^>:^>'— F (>— KYI) ^J^^yy 

Sti*i-rs) . ^>>'N--^'^(i^fe3>/lU-i5'i:UT 30 
•fe^tgb^ -feVJJ^y-K (xs) >>'^-^'?sf©W?) 
#^B8«*^©®^{CB:> f^^yy7mmm2 2 6ifimm. 

foj *^fai*f^^ (D.,,) *?R^b, -fev;^^- 

K (xs) 7!)5t2Jtp#^g(tt<t')t.±-?fe?>S^(-«±v iB 
±>m^ (D..,) <i»a rij ^^-f, \^tzifi-:>x. -tr 

[0 0 5 2] ^tt. tr>;/ M^T^-fe:^ h^>2^^^ 
2 2 0^<Dff—Vm^ (dO~dn) 43<fctFU Hr h b 
7>s;;^^2 3 4&. 05*jJ:tf0 6i:itlciftWUfcii 40 

-b;H 1 0{C«#3i*n2>o U-b^v b b^>i^:^^ 2 3 
4©:^tgtt, ^i^iiaiLI&f^©Pfgt, -fe>;^y-K (x 

[0 0 5 3] *:5l^t±;<*U-fe;i'7'b>f ICPS^^n* 
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[0 0 5 4]»:t, y^'J-b;i/3 1 2S^triilBSl'S; 
>^^'3 1 0?:^-ria8^#B^-r5. ';-b;u3 1 2 
tt^ ^M^^^3 14i:, h^>i;;^^3 1 6 

itx S§a3^h7>s?;^^3 1 8i:^^tr. S^ii^b 
3 1 sopV'O-v— t^^t. 

Vz>yiPy.^ 3 1 6® Klx'f >-V— ;^>'^;^<&««Jt3T 

i^^^ixs. m&m\yi/7.i' 3 1 OttSStv mi©y 
-K (na) i:aS2©y-K (nb) ©ffltcgEiK^n*: 
msmtl^^Z 2 0 Mi!lti@^3 2 Oi^. £ip 

•fe;i'3 2 2*;J;Uf^JK«? 3 l 4fc:?^ bT<gv^^i«iLtBb 
«£E$r«i^b«:*e>, aip-b;i/3 2 2 h^M^?3 1 4 

2 0l±*fc. S#a*^aE*iilBS?f)KSfl^3 1 4t:W 

[0 0 5 5] 09*$^{C#B^t-5. ^55(^tBUi&{^iji 
VSSji^'lM^tt. ^1. ^2. *;<tV^3©^^D>y-J' 
«^ (LVl. LV2. LV3) . mim^ (EQ) . 

*5<tt;'«&ji5^«^ (w) xzii-oxuw-^fi^o cine> 

©m^tt. $)JWs^^^S3 2 4{Cio-C^fi£$^vSo 
[00 5 6] (D.i n) ^ 1 © 

y-K (na) tgE*©KtCj^^$nfcKl/'r>-V- 
>^M;^?£«t-5 hv>i^;^iJ'3 2 6©y-l>ic^«&#ti 
S. 5^-^'#tJi^^<'m^ (Din) ffl=i>ru^>h« 
*f©^ (Dinb) ^2©y-K (nb) 
©M^c^■&^^^Tv^5 KU'T >- v-::</^;^>£*1-2> h 
^y'yT.^ 'i2^<Df—Y\zm^^t\,^, Vi^y.i'Zl 
0{cei®ttAs^SJ;^fc:ii$atr&»K:, h5>i?x^ 

3 2 6*Jil|f3 2 8{i. 7^-^«#ji5^fs^ (Din) 
©U^;H:jSDT^lfe5V>{i^2©y-K (nafe^ 
V>H:nb) Sr^l^^J^r^V^S J:^S!l»$n5. 

[0 0 5 7] #t3i*i&fm, pf^^>;^.;i/b7>i';^ 
^'3 3 0S;r>U lli&Ji»i^3 2 0©ttiF^y-h-S± 
V,,U^MZh,. 7^-^«§3ii«^li^ (Din) 
Vi^X^J'S 2 6©-5r'-h{c^?^f i)C:i;-CN frfctll), 
(Din) *JD-T-fe^S^> ^1 
©y-F (na) ■C-ffl«flE4s^i6U. ^2©y-b- (n 
b) T-©SfE*^^©J6<JCD-{c*tS. ^©iSm. 

(w) ifiy-^-h^ii^m-^. m^mm^s 1 4 
(w) *sT-9--}>$nrv^si:§, ji«3S^?3i4® 

[0 0 5 8] biPU "r-'i^m^jkf^m^ (D in) i)S 
i^V^:©^. Ml&ti*i^3 2 0«i^2©y-H (nb) {C 

^nsfc. ^2©y-K (nb) x-(DmEEifi^me^K.-^ 

V,,mff*T-iS5<'&!3x ^©S5ma*s^Kl^?3 1 4H 
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[0 0 5 91 m^m i^mi^'p. mmmmm 320 imm 

{n&a^UTih) fCD«ffS:te«flE («5V../2) t: 

M^EQ{3<tD) X miSO^^ — Y (na:}3J;Vnb) ^ 

>i^;^^'3 1 643J:V3 3 6S:^>L-C (^3<0®J®^ 10 
9LV3t:J;t))> ,x^';i:»ip-fe;i'3 1 243«tV3 2 
2 h&Mi&iHiggS 2 Q(DXtl\Ci&m-r^o ^^bM^E 
Q*J|SS5*$n-5i:. II^S£EA5»l*JJ:V»2<Z)y-K 
(na*5ilfnb) CtjfeoT^US. CKOH^Sff 
l±. ««ft-b;i/3 2 2<Dl£!iT;i:tfcitU*:»l«|g^^3 l 4CD 
JSln;C<toTg^S$nS, »ip-lr;i/3 2 2®®lnittx » 

^^)®®^^ilScD^. ^3©SiJ^M^ (LV3) ifiTi^'t 
Xb^Vi;;^^'3 1 6i5itF3 3 6«r:t7lCL. 20 
-tr;i'3 1 2ii^Xfmm-^)\'3 2 2^m.mm*m^3 2 OA- 

[0 0 6 0] ^2©X7^-yr(i, p^-v>^;Vh^>S^ 
3 3 0$;t>t:UT^i&tf*ag§3 2 OCDy— h- (n 

v,,affi{±. ui^xi' 3 1 ocD!Kffi&7;i';^-f >i^ife3l 

M^i:bT, l/'>-X;5'3 1 0CD7^-^tB:;^3{cjgilgg?nfe 
ISaialKtcinMI-S. VVT^ir 3 1 0 (Dt^— i'tiiiiB:, 
^l£D>'— K (na) *>e)i:?>tLS. 

[00 6 1] $i5i^»^ai us&f^tfx mm/- 1 314 so 

2^;^^3 1 8HJ;oT^V,,A>€>^{5l^nx c:nH:^3 
cDi'D^s/i^e^ (LV3) *5J;V«Sa^g^ (W) 

.fcoTSdffli^nSo T^-t;^ h'7>s;:^^5' 3 1 S 
EEV.^'T-hmff (V..,,) ip^.Ti'-fe;^ h^>i^;^ 
^j' 3 1 6®A^4;^!I«la<^flff!£Mb§lv^fc*>o^cslM■r 

1 3 6foy-b«Ettx m3®^'U«>i'fa^ (LV 
3) ^^V, . {fzhUt. V.,/2) {c 
*<J|iS-r-5Ci:-C-®JiiS$ti-5o »tiii^*{f* (W) « 40 
ta5!»^b^>i';!^^5'3 1 8?&:t>*7X>f ^^ilLTift 

(nb) -C-CDiSSfiEH:»lK;'<^UlS^^3 1 4{cBiiD$ti 

[0 0 6 2] jagBM^M^^uti:^ &:mm^(omm\:.WL 
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So 

[0 0 6 3] *%BJtt, ±i3SiBgUfiajS^bfei|^^©IIM 

ji^^tzRs^^n'&vAo f^iDDUx w^^<Dmm 

[@licDl!S^&iSi|g] 

[0 1 ] nWk/^ y •fe;i/OTl/-f S#tr7*-iJ'3311^B 
[ISI2] ISI2a4b'J:tFll2b«:x giS«(SgCDM«:Siaf3 
[EI 3] i&I3S^^U-b;UOl««5»aii^«£E*5J:V»ta 

[04] ia4a*jiiFE4ba:, mi<o=f^i^ws^m. 
©ff ESS** <t uf?ij(5ies©iaT- 5 . 

[H 5 ] iilBM^M^ ^ -b;i/©0T- s . 
[06] f^#©iitl3M»M^^ ';-b;u©Sgi^i'aib;feJ;t;^ 

»&a55»ajE©ia-efes. 

[0 7 ] f^#©itl3S»K^ y *;b%^tr7^-^' I31S 
^g©0-C^S. 
[0 8] jiI3M»M^^ UUi^^^tJ'CaT-feSo 
[09] 3tf3S^Mp«^Ul/2^;^4'©^^n'V^m*o0 

[#^©lftB^] 
8, 2 10, 3 10 
1 Ox 2 12 ;>{^y-fe;i/Tl/'f 
12. 110, 312 »M;<^'J-fe;v 
1 4 h-i^ 
16 t:«;;MII 

18~2 4, 218, 320 ESS 

3 6 mW'^ U T 
5 2 mi<07.-(-y^ 

5 4 ±>7.mm^ 

5 6 ^2©;^'<'>y5^ 
1 1 2 p« ^ 'J 

1 1 4 T^-fe;^ \-^>>^P<^ 

2 2 4 -'^•>7rti*iS 

2 2 8 

3 2 0 mmmmss 

3 2 2 

3 2 6, 3 2 8 h^>y7.if 
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